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Chapter 1

Introduction and
Overview

Welcome to the Strategy of Distillation Control, Optimizing
Quality Performance, and Tuning Control Loops. This first
chapter is a short summary of the topics covered in this course.

Learning Objectives

When you have completed this chapter, you should be able to

1. Understand the general organization of the content in the
course

2. Know the course objectives

3. Know how to proceed through the course

1.1 Course Coverage

This book focuses on the fundamentals of process control of
distillation columns. It covers the following topics:

—
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1. The process variables for continuous binary distillation
columns and four basic control strategies

2. The distillate and bottoms product quality performance
objectives

3. The tuning of process control loops

When you finish this course, you will understand the funda-
mental separation and purification concepts to be achieved
by a distillation column and the functional criteria that are
critical for successful implementation of process control.
Concepts for measuring and optimizing product quality per-
formance will also be understood. You will also learn how
process control loops for distillation columns can be tuned
for stable operation with a balance between minimum vari-
ability from setpoint changes and excellent response to load
disturbances. By approaching the subject this way, you will
gain a fundamental understanding that can guide decisions
for the design, operation, and troubleshooting of distillation
process control systems.

This book is written from a perspective that was developed
as the result of 37 years of industrial research at The Dow
Chemical Company that focused on inventing, developing, and
implementing industrial separation and purification processes.
The work process for research and development is the scien-
tific method, which will now be described.

The Scientific Method

1. Define the problem and the opportunity.

2. Search and understand the state of the art.

3. Develop a hypothesis, that is, a concept or a model.

4. Design and run experiments to test the validity of the
hypothesis.

S. Evaluate, summarize, and document the results.
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The main problem in distillation process control is to sepa-
rate and purify chemical components in liquid and vapor
streams while shedding the disturbances that are imposed

on the distillation column. The opportunity is to separate the
components from a feed stream into new vapor and liquid
streams that have increased economic value at a cost that is
competitive with other producers. Conducting research in a
large corporation provides the opportunity to apply the results
of improved performance to many distillation towers in many
different businesses.

Distillation is a mature technology that is well developed
and tested by the scientific method. Two comprehensive
books have been written by Kister!'? on the design and
operation of distillation columns. The control of distil-
lation columns has been widely studied for many years,
many papers have been written, and several books have
been published on the subject such as the one by Buckley,
Luyben, and Shunta.? There is a large body of information to
search and understand in the state of the art of distillation
and process control.

During the last 20 years, there has been a continuing
emphasis on improved product quality, performance, and
reduced operating costs such as energy consumption, lost
product, rework, maintenance, and labor cost per unit of prod-
uct produced. Computer hardware and computer programs
have been improved dramatically for simulating and model-
ing the distillation process and the dynamic response for the
hypothesis in Step 3 in the scientific method. The chemical
engineering fundamentals and mathematical hypotheses used
to describe the design and performance of distillation columns
are continually tested for their validity by plant operations in
industry. Ultimately, the results are judged by the business that
is responsible for the quality and profitability of the products
produced by distillation and by the manufacturing department
responsible for operating the process equipment.
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1.2 Purpose

The purpose of this book is to present the fundamentals of
process control of a distillation column as a separation and
purification unit operation. This includes the critical concepts
and functional criteria for the design, operation, and trouble-
shooting of distillation process control plus the concepts of
measuring and improving product quality performance. There
is a prevailing need to strike a balance between understand-
ing the concepts that are critical to exercising good engineer-
ing judgment and understanding the intricate details of each
hypothesis. The focus of this book is on achieving distillation
product purity at low cost without dwelling on complex math-
ematical descriptions.

Often, there is more than one way to achieve the desired
results, so conflicts can develop about which is the best way
to approach a subject and what creates the most value. The
cost of acquiring resources and developing everyone'’s knowl-
edge is generally too high. On the other hand, the risk of
failing to meet production rates or product quality or of con-
suming excessive raw materials and energy has economic
consequences for the business. Generally, the highest value is
created by striking a balance.

1.3 Audience and Prerequisites

The material in this book can be useful for engineers, tech-
nicians, and plant operators concerned with the design,
operation, and troubleshooting of process control systems for
distillation columns. The course can also be useful for stu-
dents who want to gain insights into the practical approach
to distillation process control in industry and tuning control
loops in a plant control room.

There are no specific prerequisites for taking this course.
However, it would be helpful to have a basic understanding of



Introduction and Overview ® 5

the distillation unit operation and process control loop con-
cepts. The only mathematics skills required are basic arithme-
tic and algebra.

1.4 Study Materials

This textbook is the only study material required. Additional
references are provided in each chapter.

1.5 Organization and Sequence

This book is divided into 10 separate study chapters.
Chapters 2, 3, and 4 deal with the distillation variables,
and Chapter 5 covers distillation process control strategies.
Chapter 6 describes some of the constraints on distillation
variables and separation capabilities. Chapter 7 introduces the
concepts that are critical to product quality and the measure-
ments that evaluate performance criteria such as frequency
of failure. Chapter 8 describes the concepts and nomencla-
ture that are fundamental to PID control loops. Chapter 9
covers the concepts of tuning process controllers when they
are operating in automatic output mode. Chapter 10 is about
measuring the response of process variables when the con-
troller is in manual output mode, that is, with no feedback
from the process variable.

There are example problems and exercises for each chapter
to test your understanding of the material. The solutions to all
of the exercises are given in the appendix.

1.6 Course Objectives

When you have completed this entire book, you should be
able to



6 m Distillation Control, Optimization, and Tuning

1. Understand the manipulated variables and controlled vari-
ables for a distillation column

2. Understand the fundamentals of various strategies for
controlling distillation columns

3. Understand many of the constraints and limits that cannot
be exceeded in distillation control

4. Understand the measurements that are critical to product
quality performance and the resultant frequency of failure

5. Understand how to tune a process controller when it is
in automatic output mode and how to demonstrate the
response of a process with the controller in manual out-
put mode

1.7 Course Length

The organization of this book into chapters is designed for
either classroom teaching or self-paced learning that can meet
the needs and skill level of each student. Chapter 2 is helpful
for understanding the nomenclature used throughout the book
regarding the naming conventions for the distillation process
streams. Chapter 7 can be studied alone for understanding

the optimization of product quality performance and the fre-
quency of failure. Chapters 9 and 10 can be studied separately
for tuning control loops.
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Chapter 2

Distillation Control
Variables

This chapter provides you with a concept drawing of a distilla-
tion column with all of the streams labeled.

Learning Objectives

When you have completed this chapter, you should be able to

1. Use the distillation column concept drawing for reference
and for communication with others about the key vari-
ables and control elements

2. Recognize the names of the inlet and outlet streams used
in a distillation system

3. Know the standard definition of reflux ratio

Distillation is the main unit operation in chemical engineer-
ing for the separation and purification of liquids and vapors.
A feed mixture of chemicals can be separated into the more

N



